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Foreword 


ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 


International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 


The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 


Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 


ISO 3951-1 was prepared by Technical Committee ISO/TC 69, Applications of statistical methods, 
Subcommittee SC 5, Acceptance sampling. 


This first edition of ISO 3951-1 cancels and replaces ISO 3951:1989, of which it constitutes a technical 
revision. The most significant differences between ISO 3951-1:2003 and ISO 3951:1989 are as follows. 


— The acronym AQL now stands for Acceptance Quality Limit rather than Acceptable Quality Level, in order 
to reflect more accurately its function. 


— The coverage of this part of ISO 3951 is constrained to a single, normally distributed variable with a single 
class of nonconformity. This part of ISO 3951 includes the case of combined control of double 
specification limits, but procedures for separate or complex control of double specification limits are 
deferred to ISO 3951-2. More general procedures that can be used for multiple characteristics and/or 
multiple AQLs are also given in ISO 3951-2. 


— The plans have been modified so that their operating characteristic curves more closely match those of 
the plans in ISO 2859-1. The sample sizes for both the “s” method and the “o” method are constant along 


rows of the master tables. 


— All acceptability constants (see Annexes B, C, G and |) have been revised and tabulated to three decimal 
places for an extended range of AQLs corresponding to ISO 2859-1:1999. 


— Al tabulated values of operating characteristics have been recalculated and related directly to reduced 
inspection as well as to normal and tightened inspection. 


— The annex containing the general statistical theory has been removed. It is planned ultimately to 
reintroduce this within a guidance document to sampling procedures for inspection by variables. 


— Tables that are required for implementing the procedures have been relocated into annexes. 


— The annex dealing with the “R” method has been eliminated, now that the availability of calculators with a 
standard deviation function key is so widespread. Data for acceptance sampling by variables is often 


substantially more expensive to acquire than data for sampling by attributes, and the “s” method makes 
more efficient use of this data. 
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ISO 3951 currently consists of the following parts, under the general title Sampling procedures for inspection 
by variables: 


— Part 1: Specification for single sampling plans indexed by acceptance quality limit (AQL) for lot-by-lot 
inspection for a single quality characteristic and a single AQL 


— Part 2: General specification for single sampling plans indexed by acceptance quality limit (AQL) for lot- 
by-lot inspection of independent quality characteristics 


The following parts are under preparation: 
— Part 3: Double sampling schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection 


— Part 5: Sequential sampling plans indexed by acceptance quality limit (AQL) for inspection by variables 
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Introduction 


This part of ISO 3951 specifies an acceptance sampling system of single sampling plans for inspection by 
variables. It is indexed in terms of the Acceptance Quality Limit (AQL), and is designed for users who have 
simple requirements. A more comprehensive and technical treatment is given in ISO 3951-2. This part of 
ISO 3951 is complementary to ISO 2859-1. 


The objectives of the methods laid down in this part of ISO 3951 are to ensure that lots of an acceptable 
quality have a high probability of acceptance, and that the probability of not accepting inferior lots is as high as 
practicable. This is achieved by means of the switching rules, which provide: 


a) automatic protection to the consumer (by means of a switch to tightened inspection or discontinuation of 
sampling inspection) should a deterioration in quality be detected; 


b) an incentive (at the discretion of the responsible authority) to reduce inspection costs (by means of a 
switch to a smaller sample size) if consistently good quality is achieved. 


In this part of ISO 3951, the acceptability of a lot is implicitly determined from an estimate of the percentage of 
nonconforming items in the process, based on a random sample of items from the lot. 


This part of ISO 3951 is intended for application to a continuing series of lots of discrete products all supplied 
by one producer using one production process. If there are different producers or production processes, this 
part of ISO 3951 is applied to each one separately. 


This part of ISO 3951 is intended for application to a single quality characteristic that is measurable on a 
continuous scale. For two or more such quality characteristics, see ISO 3951-2. 


It is assumed in this part of ISO 3951 that measurement error is negligible. For information on allowing for 
measurement error, see Reference [17] in the Bibliography. 


For double specification limits, this part of ISO 3951 treats combined control. For other types of control, see 
ISO 3951-2. 


Inspection by variables for percent nonconforming items, as described in the present document, includes 
several possible modes, the combination of which leads to a presentation that may appear quite complex to 
the user: 


— unknown standard deviation, or originally unknown then estimated with fair precision, or known since the 
start of inspection; 


— a single specification limit, or combined control of double specification limits; 
— normal inspection, tightened inspection or reduced inspection. 


Fourteen annexes are provided. Annexes A to | provide the tables needed to support the procedures. Annex J 


indicates how the sample standard deviation, “s’, and the presumed known value of the process standard 
deviation, “o’, should be determined. Annex K provides the statistical theory underlying the calculation of the 
consumer's risks, together with tables showing these risks for normal, tightened and reduced inspection as 


“oo” “oy 


well as for the “s” and “o” methods. Annex L provides similar information for the producer's risks. Annex M 


gives the general formula for the operating characteristic of the “o” method. Annex N provides the statistical 
theory underlying the estimation of the process fraction nonconforming under the “s” method for sample 
sizes 3 and 4, which for technical reasons are treated differently from the other sample sizes in this part of 


ISO 3951. 
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Table 1 is intended to facilitate the use of this part of ISO 3951 by directing users to the paragraphs and tables 
concerning any situation with which they may be confronted. Table 1 only deals with Clauses 15, 16, 20, 21 
and 22; in every case, it is necessary to have first read the other clauses. 
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Sampling procedures for inspection by variables — 


Part 1: 

Specification for single sampling plans indexed by acceptance 
quality limit (AQL) for lot-by-lot inspection for a single quality 
characteristic and a single AQL 


CAUTION —The procedures in this part of ISO 3951 are not suitable for application to lots that have 
been screened previously for nonconforming items. 


1 Scope 

This part of ISO 3951 specifies an acceptance sampling system of single sampling plans for inspection by 
variables, in which the acceptability of a lot is implicitly determined from an estimate of the percentage of 
nonconforming items in the process, based on a random sample of items from the lot. 


This part of ISO 3951 is primarily designed for application under the following conditions: 


a) where the inspection procedure is to be applied to a continuing series of lots of discrete products all 
supplied by one producer using one production process; 


b) where only a single quality characteristic x of these products is taken into consideration, which must be 
measurable on a continuous scale; 


c) where the measurement error is negligible, i.e. with a standard deviation no more than 10 % of the 
process standard deviation; 


d) where production is stable (under statistical control) and the quality characteristic x is distributed 
according to a normal distribution or a close approximation to the normal distribution; 


e) where a contract or standard defines an upper specification limit U, a lower specification limit L, or both; 
an item is qualified as conforming if and only if its measured quality characteristic x satisfies the 
appropriate one of the following inequalities: 


1) x>L (i.e. the lower specification limit is not violated); 
2) x < U(i.e. the upper specification limit is not violated); 
3) x>Landx < U(i.e. neither the lower nor the upper specification limit is violated). 


Inequalities 1) and 2) are called cases with a single specification limit, and 3) a case with double specification 
limits. 


If double specification limits apply, it is assumed in this part of ISO 3951 that conformance to both 
specification limits is equally important to the integrity of the product; in such cases it is appropriate to apply a 
single AQL to the combined percentage of product outside the two specification limits. This is referred to as 
combined control. 
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2 Normative references 


The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 


ISO 2859-1, Sampling procedures for inspection by attributes— Part1: Sampling schemes indexed by 
acceptance quality limit (AQL) for lot-by-lot inspection 


ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: Probability and statistical terms 


ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics 


3 Terms and definitions 


For the purposes of this document, the terms and definitions given in ISO 2859-1, ISO 3534-1, and 
ISO 3534-2 apply. 


3.1 
inspection by variables 
inspection by measuring the magnitude of a characteristic of an item 


[ISO 3534-2] 


3.2 
sampling inspection 
inspection of selected items in the group under consideration 


[ISO 3534-2] 


3.3 

acceptance sampling inspection 

acceptance sampling 

sampling inspection (3.2) to determine whether or not to accept a lot or other amount of product, material or 
service 


[ISO 3534-2] 


3.4 

acceptance sampling inspection by variables 

acceptance sampling inspection (3.3) in which the acceptability of the process is determined statistically 
from measurements on a specified quality characteristic of each item in a sample from a lot 


3.5 
process fraction nonconforming 
rate at which nonconforming items are generated by a process, expressed as a proportion 


3.6 

acceptance quality limit (AQL) 

worst tolerable process fraction nonconforming (3.5) when a continuing series of lots is submitted for 
acceptance sampling (3.3) 


NOTE See Clause 5. 
3.7 


quality level 
quality expressed as a rate of occurrence of nonconforming units 
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3.8 

limiting quality 

LQ 

quality level (3.7), when a lot is considered in isolation, which, for the purposes of acceptance sampling 
inspection (3.3), is limited to a low probability of acceptance 


[ISO 3534-2] 

NOTE 1 In this part of ISO 3951, the probability of acceptance is limited to 10 %. 
NOTE 2 See 13.1. 

3.9 

nonconformity 

nonfulfilment of a requirement 

[ISO 9000] 

3.10 

nonconforming unit 

unit with one or more nonconformities 


[ISO 3534-2] 


3.11 


s” method acceptance sampling plan 
acceptance sampling (3.3) plan by variables using the sample standard deviation 


[ISO 3534-2] 

NOTE See Clause 15. 

3.12 

“o’ method acceptance sampling plan 

acceptance sampling (3.3) plan by variables using the presumed value of the process standard deviation 
[ISO 3534-2] 

NOTE See Clause 16. 

3.13 

specification limit 

conformance boundary specified for a characteristic 

[ISO 3534-2] 

3.14 

lower specification limit 

L 

specification limit [3.13] that defines the lower conformance boundary 


[ISO 3534-2] 


3.15 
upper specification limit 


specification limit (3.13) that defines the upper conformance boundary 


[ISO 3534-2] 
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3.16 

combined control 

requirement when both upper and lower limits are specified for the quality characteristic and an AQL (3.6) is 
given that applies to the combined percent nonconforming beyond the two limits 


NOTE 1 See 5.3. 


NOTE 2 ~The use of combined control implies that nonconformity beyond either specification limit (3.13) is believed to 
be of equal, or at least roughly equal, importance to the lack of integrity of the product. 


3.17 

acceptability constant 

k 

constant depending on the specified value of the acceptance quality limit (3.6) and the sample size, used in 
the criteria for accepting the lot in an acceptance sampling (3.3) plan by variables 


[ISO 3534-2] 
NOTE See 15.2 and 16.2. 


3.18 
quality statistic 


function of the specification limit (3.13), the sample mean, and the sample or process standard deviation, 
used in assessing the acceptability of a lot 


[ISO 3534-2] 


NOTE 1 For the case of a single specification limit (3.13), the lot may be sentenced on the result of comparing Q with 
the acceptability constant (3.17) k. 


NOTE2 See 15.2 and 16.2. 


3.19 

lower quality statistic 

OL 

function of the lower specification limit (3.14), the sample mean, and the sample or process standard 
deviation 


NOTE 1 For a single lower specification limit (3.14), the lot is sentenced on the result of comparing Q, with the 
acceptability constant (3.17) x. 


[ISO 3534-2] 

NOTE 2 See Clause 4, 15.2 and 16.2. 

3.20 

upper quality statistic 

Qu 

function of the upper specification limit (3.15), the sample mean, and the sample or process standard 


deviation 


NOTE 1 For a single upper specification limit (3.15) the lot is sentenced on the result of comparing Qy with the 
acceptability constant (3.17) x. 


[ISO 3534-2] 


NOTE 2 See Clause 4, 15.2 and 16.2. 
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3.21 
maximum sample standard deviation 
MSSD 


Smax 

largest sample standard deviation for a given sample-size code letter and acceptance quality limit (3.6) for 
which it is possible to satisfy the acceptance criterion for the combined control of double specification limits 
(3.13) when the process variability is unknown 


NOTE See 15.4. 


3.22 
maximum process standard deviation 
MPSD 


Omax 

largest process standard deviation for a given sample-size code letter and acceptance quality limit (3.6) for 
which it is possible to satisfy the acceptance criterion for the combined control of double specification limits 
(3.13) under tightened inspection when the process variability is known 


NOTE See 16.3. 

3.23 

switching rule 

instruction within an acceptance sampling (3.3) scheme for changing from one acceptance sampling (3.3) 
plan to another of greater or lesser severity based on demonstrated quality history 

[ISO 3534-2] 

NOTE 1 See Clause 20. 


NOTE 2 ~~ Normal, tightened or reduced inspection, or discontinuation of inspection, are examples of “greater or lesser 
severity”. 


3.24 
measurement 
Set of operations to determine the value of some quantity 


[ISO 3534-2] 


4 Symbols 
cy factor for determining the upper control limit for the sample standard deviation (see Annex H) 


ti factor that relates the maximum sample standard deviation to the difference between U and L 
(see Annex D) 


Te factor that relates the maximum process standard deviation under tightened inspection to the difference 
between U and L (see Annex E) 


k acceptability constant for the “s” method or Annex C for the “o” method (see Annex B) 
L lower specification limit (as a suffix to a variable, denotes its value at Z) 

u process mean 

N lot size (number of items in a lot) 

n sample size (number of items in a sample) 
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p estimate of the process fraction nonconforming 

Pi estimate of the process fraction nonconforming below the lower specification limit 

Pu estimate of the process fraction nonconforming above the upper specification limit 
Dp maximum acceptable value for the estimate of the process fraction nonconforming 
probability of acceptance 

Q quality statistic 

QO. lower quality statistic 


NOTE 1 Q, is defined as (x —L)/s when the process standard deviation is unknown, and as (x —L)/o 
when it is presumed to be known. 


Qu upper quality statistic 


NOTE 2 Qy is defined as (U—x)/s when the process standard deviation is unknown, and as (U—Xx)/o 
when it is presumed to be known. 


Ss sample standard deviation of the measured values of the quality characteristic (also an estimate of the 
standard deviation of the process), i.e. 


(See also Annex J.) 


Smax Maximum sample standard deviation (MSSD) 


o standard deviation of a process that is under statistical control 

NOTE 3 o the square of the process standard deviation, is known as the process variance. 
maximum process standard deviation (MPSD) 

U upper specification limit (as a suffix to a variable, denotes its value at U) 


X: measured value of the quality characteristic for the jth item of the sample 


arithmetic mean of the measured values of the quality characteristic in the sample, i.e. 


ball 
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5 Acceptance quality limit (AQL) 


5.1 Principle 


The AQL is the quality level that is the worst tolerable process fraction nonconforming when a continuing 
series of lots is submitted for acceptance sampling. Although individual lots with quality as bad as the 
acceptance quality limit may be accepted with fairly high probability, the designation of an acceptance quality 
limit does not suggest that this is a desirable quality level. The sampling schemes found in this part of 
ISO 3951, with their rules for switching and for discontinuation of sampling inspection, are designed to 
encourage suppliers to keep the process fractions nonconforming consistently better than the respective 
AQLs. Otherwise, there is a high risk that the inspection severity will be switched to tightened inspection, 
under which the criteria for lot acceptance become more demanding. Once on tightened inspection, unless 
action is taken to improve the process, it is very likely that the rule requiring discontinuation of sampling 
inspection will be invoked pending such improvement. 


5.2 Use 


The AQL, together with the sample-size code letter, is used to index the sampling plans in this part of 
ISO 3951. 


5.3 Specifying AQLs 
The AQL to be used will be designated in the product specification, contract or by the responsible authority. 
Where both upper and lower specification limits are given, this part of ISO 3951 addresses only the case of an 


overall AQL applying to the combined percent nonconforming beyond the two limits; this is known as 
“combined control”. (See ISO 3951-2 for “separate” and “complex” control of double specification limits.) 


5.4 Preferred AQLs 
The sixteen AQLs given in this part of ISO 3951, ranging in value from 0,01 % to 10 % nonconforming, are 


described as preferred AQLs. If, for any product or service, an AQL is designated other than a preferred AQL, 
then this part of ISO 3951 is not applicable (see 13.2). 


5.5 Caution 


From the above definition of the AQL, it follows that the desired protection can only be assured when a 
continuing series of lots is provided for inspection. 


5.6 Limitation 


The designation of an AQL shall not imply that the supplier has the right to supply knowingly any 
nonconforming product. 


6 Switching rules for normal, tightened and reduced inspection 


Switching rules discourage the producer from operating at a quality level that is worse than the AQL. This part 
of ISO 3951 specifies a switch to tightened inspection when inspection results indicate that the AQL is being 
exceeded. It further specifies a discontinuation of sampling inspection altogether if tightened inspection fails to 
stimulate the producer into rapidly improving his production process. 


Tightened inspection and the discontinuation rule are integral, and therefore obligatory, procedures of this part 
of ISO 3951 if the protection implied by the AQL is to be maintained. 
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This part of ISO 3951 also provides the possibility of switching to reduced inspection when inspection results 
indicate that the quality level is stable and reliable at a level better than the AQL. This practice is, however, 
optional (at the discretion of the responsible authority). 


If there is sufficient evidence from the control charts (see 19.1) that the variability is in statistical control, 


consideration should be given to switching to the “o”’ method. If this appears advantageous, the consistent 
value of s (the sample standard deviation) shall be taken as o (see Clause 22). 


When it has been necessary to discontinue acceptance sampling inspection, inspection under this part of 
ISO 3951 shall not be resumed until action has been taken by the producer to improve the quality of the 
submitted product. 


Details of the operation of the switching rules are given in Clauses 20, 21 and 22. 


7 Relation to ISO 2859-1 


7.1. Similarities 


a) This part of ISO 3951 is complementary to ISO 2859-1; the two documents share a common philosophy 
and, as far as possible, their procedures and vocabulary are the same. 


b) Both use the AQL to index the sampling plans, and the preferred values used in this part of ISO 3951 are 
identical with those given for percent nonconforming in ISO 2859-1 (i.e. from 0,01 % to 10 %). 


c) In both International Standards, lot size and inspection level (inspection level Il in default of other 
instructions) determine a sample-size code letter. Then general tables give the sample size to be taken 
and the acceptability criterion, indexed by the sample-size code letter and the AQL. Separate tables are 


given for the “s” and “o” methods, and for normal, tightened and reduced inspection. 


d) The switching rules are essentially equivalent. 


7.2 Differences 


a) Determination of acceptability: Acceptability for an ISO 2859-1 attributes sampling plan for percent 
nonconforming is determined by the number of nonconforming items found in the sample. Acceptability 
for a plan for inspection by variables is based on the distance of the estimated value of the process mean 
from the specification limit(s) in terms of the estimated or presumed value of the process standard 


deviation. In this part of ISO 3951, two methods are considered: the “s” method for use when the process 
standard deviation o is unknown, and the “o” method for use when o is presumed to be known. In the 
case of a single specification limit, the acceptability may be calculated from a formula (see 15.2 and 
16.2), but for the “s” method it is also easily established by a graphical method (see 15.3). In the case of 
combined control of double specification limits under the “s” method, this part of ISO 3951 provides only 
for a graphical method of determining acceptability (see 15.4); for combined control of double 


“oy 


specification limits under the “o” method, a numerical method is given. 


b) Normality: In ISO 2859 there is no requirement relating to the distribution of the characteristics. However, 
in this part of ISO 3951 it is necessary for the efficient operation of the plans that the measurements be 
distributed according to a normal distribution or a close approximation to a normal distribution. 


c) Operating characteristic curves (OC curves): The OC curves of the variables plans in this part of 
ISO 3951 are not identical to those of the corresponding attributes plans in ISO 2859-1. The curves have 
been matched as closely as possible subject to a number of pragmatic constraints, such as keeping the 
sample size the same for a given code letter, and inspection method regardless of the AQL. 


d) Producer's risk: For process quality precisely at the AQL, the producer's risk that a lot will not be 
accepted tends to decrease with one-step increases in sample size coupled with one-step decreases in 
AQL, i.e. down diagonals of the master tables running from top right to bottom left. The progressions of 
probabilities are similar, but not identical, to those in ISO 2859-1. (The producer's risks of the plans are 
given in Annex L.) 
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e) Sample sizes: The variables sample sizes corresponding to given code letters are usually smaller than 
the attributes sample sizes for the same letters. This is particularly true for the “o” method. 
(See Table A.2.) 


f) Double sampling plans: Double sampling plans are presented separately, in ISO 3951-3. 
g) Multiple sampling plans: No multiple sampling plans are given in this part of ISO 3951. 


h) Average Outgoing Quality Limit (AOQL): The AOQL concept applies when 100 % inspection and 
rectification is feasible for non-accepted lots. It follows that the AOQL concept cannot be applied under 
destructive or expensive testing. As variables plans are generally used under these circumstances, no 
tables of AOQL have been included in this part of ISO 3951. 


8 Limiting quality protection 


8.1 Use of individual plans 


This part of ISO 3951 is intended to be used as a system employing tightened, normal and reduced 
inspections on a continuing series of lots to provide consumer protection, while assuring the producer that 
acceptance will be very likely to occur if quality is better than the AQL. 


Some users may select specific individual plans from this part of ISO 3951 and use them without the switching 
rules. For example, a purchaser may be using the plans for verification purposes only. This is not the intended 
application of the system given in this part of ISO 3951 and its use in this way should not be referred to as 
“inspection in compliance with ISO 3951-1”. When used in such a way, this part of ISO 3951 simply 
represents a collection of individual plans indexed by the AQL. The operating characteristic curves and other 
measures of a plan so chosen shall be assessed individually from the tables provided. 


8.2 Consumer's risk quality tables 


If the series of lots is not long enough to allow the switching rules to be applied, it may be desirable to limit the 
selection of sampling plans to those, associated with a designated AQL value, that give a consumer's risk 
quality not worse than the specified limiting quality protection. Sampling plans for this purpose can be selected 
by choosing a consumer's risk quality (CRQ) and a consumer's risk to be associated with it. Annex K gives 


values of consumer's risk quality for the “s” method and “o” methods corresponding to a consumer's risk of 
10 %. 


However, application of this part of ISO 3951 to isolated lots is deprecated, as the theory of sampling by 
variables applies to a process. For isolated or short series of lots, it is appropriate and more efficient to use 
plans for sampling by attributes, such as from ISO 2859-2. (See Reference [5].) 


8.3 Producer's risk tables 
Annex L gives the probability of non-acceptance under the “s” and “o”’ methods for lots produced when the 
process fraction nonconforming equals the AQL. This probability is called the producer's risk. 


8.4 Operating characteristic curves 


The tables for consumer's risk quality and producer's risk provide information about only two points on the 
operating characteristic curves. The degree of consumer protection provided by an individual sampling plan at 
any process quality may, however, be judged from its operating characteristic (OC) curve. OC curves for the 
normal inspection “s” method sampling plans of this part of ISO 3951 are given in Charts B to R, which should 
be consulted when choosing a sampling plan. Also given are tables of process qualities at nine standard 


probabilities of acceptance for all of the “s” method sampling plans in this part of ISO 3951. 
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These OC curves and tables apply to a single specification limit under the “s” method. Most of them also 


provide a good approximation to the “o” method, and to the case of combined control of double specification 


limits, particularly for the larger sample sizes. If more accurate OC values are required for the “o”’ method, 
refer to Annex M. 


9 Planning 


The choice of the most suitable variables plan, if one exists, requires experience, judgement and some 
knowledge both of statistics and the product to be inspected. Clauses 10 to 13 of this part of ISO 3951 are 
intended to help those responsible for specifying sampling plans in making this choice. They suggest the 
considerations that should be borne in mind when deciding whether a variables plan would be suitable, and 
the choices to be made when selecting an appropriate standard plan. 


10 Choice between variables and attributes 


The first question to consider is whether it is desirable to inspect by variables rather than by attributes. The 
following points should be taken into account. 


a) In terms of economics, it is necessary to compare the total cost of the relatively simple inspection of a 
larger number of items by means of an attributes scheme with the generally more elaborate procedure 
required by a variables scheme, which is usually more time-consuming and costly per item. 


b) In terms of the knowledge gained, the advantage lies with inspection by variables, as the information 
obtained indicates more precisely how good the product is. Earlier warning may therefore be given if the 
quality is slipping. 


c) An attributes scheme can be more readily understood and accepted. For example, it may at first be 
difficult to accept that, when inspecting by variables, a lot can be rejected on measurements taken of a 
sample that does not contain any nonconforming items. (See the examples in 15.4.2 and 15.4.4.) 


d) Acomparison of the size of the samples required for the same AQL from standard plans for inspection by 
attributes (i.e. from ISO 2859-1) and the standard plans in this part of ISO 3951 is given in Table A.2. It 
will be seen that the smallest samples are required by the “o’ method (used when the process standard 


deviation is presumed to be known). The sample sizes for the “s” method (used when the process 
standard deviation is unknown) are also in general substantially smaller than for sampling by attributes. 


e) Inspection by variables is particularly appropriate in conjunction with the use of control charts for 
variables. 


f) Variables sampling has a substantial advantage when the inspection process is expensive, for example in 
the case of destructive testing. 


g) Avariables scheme becomes relatively more complicated to operate as the number of measurements to 
be taken on each item increases. (For two or more quality characteristics, this part of ISO 3951 does not 
apply. See ISO 3951-2 for details.) 


h) The use of this part of ISO 3951 is only applicable when there is reason to believe that the distribution of 
measurements of the quality characteristic is normal. In case of doubt, the responsible authority should 
be consulted. 

NOTE 1 ISO 5479 gives detailed procedures for tests for departure from normality. 

NOTE 2 Departure from normality is also dealt with in ISO 2854:1976, Clause 2, which provides examples of graphical 


methods that can be used to verify that the distribution of the data is sufficiently normal to justify the use of sampling by 
variables. 
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11 Choice between the “s” and “o’ methods 

If it is desired to apply inspection by variables, the next question is whether to use the “s” method or the “o” 
method. The “o” method is the most economical in terms of sample size but, before this method may be 
employed, the value of a has to be established. 


Initially, it will be necessary to begin with the “s” method but, subject to the agreement of the responsible 
authority and provided the quality remains satisfactory, the standard switching rules will permit a switch to 
reduced inspection and the use of a smaller sample size. 


The question then is, if the variability is under control and lots continue to be accepted, whether it will be 


“oy 


economical to change to the “o” method. The size of the sample will generally be smaller and the acceptability 
criterion simpler under the “o” method (see 16.2). On the other hand, it will still be necessary to calculate the 
sample standard deviation, s, for record purposes and to keep the control charts up to date. (See Clause 19.) 
The calculation of s can appear daunting at first sight, but the difficulty is more apparent than real; this is 


especially true if a calculator or computer is available. Methods of determining s and o are given in Annex J. 


12 Choice of inspection level and AQL 


For a standard sampling plan, the inspection level in conjunction with the size of the lots and the AQL 
determines the size of the sample to be taken, and governs the severity of the inspection. The appropriate OC 
curve from Charts B to R (see Clause 24) or appropriate table from Tables B to R (see Clause 24) show the 
extent of the risk that is involved in such a plan. 


The choice of inspection level and AQL is governed by a number of factors, but is mainly a balance between 
the total cost of inspection and the consequences of nonconforming items passing into service. 


The normal practice is to use inspection level II, unless special circumstances indicate that another level is 
more appropriate. 


13 Choice of sampling plan 


13.1 Standard plans 


The standard procedure can be used only when the production of lots is continuous. 


This standard procedure, with its semi-automatic steps from lot size to sample size, using inspection level II 
and beginning with the “s” method, has been found in practice to produce workable sampling plans; but it rests 
on the assumption that the order of priority is first the AQL, second the sample size and last, the limiting 


quality. 


The acceptability of this system is due to the fact that the consumer is protected by the switching rules (see 
Clauses 20, 21 and 22), which quickly increase the severity of inspection and finally terminate inspection 
altogether if the quality of the process remains worse than the AQL. 


NOTE It is pointed out that the limiting quality is the quality which, if offered for inspection, would have a 10 % 
probability of acceptance. The actual risk taken by the consumer varies according to the probability that goods of such a 
low quality are offered for inspection. 


However, if, in certain circumstances, the limiting quality has a higher priority than the sample size (for 
example, when only a limited number of lots is being produced), a suitable plan in this part of ISO 3951 may 
be selected by using Chart A (see Clause 23). Construct a vertical line through the acceptable value for the 
limiting quality and a horizontal line through the desired quality with a 95 percent probability of acceptance (i.e. 
approximately equal to the AQL). The point of intersection of these two lines will lie on, or under, a line 
indexed with the sample-size code letter of a standard normal inspection plan, which meets the specified 
requirements. This should be verified by inspecting the OC curve from among Charts B to R (see Clause 24) 
relating to this code letter and AQL. 
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EXAMPLE Suppose that an acceptable value for the limiting quality is 1,5 % nonconforming and that the desired 
quality with a 95 % probability of acceptance is 0,15 % nonconforming. A vertical line on Chart A at 1,5 % nonconforming 
and a horizontal line at 0,15 % nonconforming intersect just below the sloping line indexed by the letter L. Examining Chart 
L, it is seen that a plan with sample-size code letter L and AQL 0,15% meets the requirements. 


If the lines intersect at a point above the line marked R in Chart A, this implies that a sample of over 250 


would be necessary for the “s” method and the specification cannot be met by any of the plans in this part of 
ISO 3951. 


13.2 Special plans 

If standard plans are not acceptable, it will be necessary to devise a special plan. It then has to be decided 
which combination of AQL, limiting quality, and sample size is most suitable, remembering that these are not 
independent since, when any two have been chosen, the third follows. 

This choice is not completely unfettered; the fact that the size of the sample is necessarily a whole number 


imposes some limitations. If a special scheme is necessary, it should be devised only with the assistance of a 
statistician experienced in quality control. 


14 Preliminary operations 
Before starting inspection by variables, 


a) check that production is considered to be continuous and that the distribution of the quality characteristic 
can be considered to be normal; 


NOTE 1 For tests for departure from normality, see ISO 5479. 


NOTE 2 _ If lots have been screened for nonconforming items prior to acceptance sampling, then the distribution will 
have been truncated and this part of ISO 3951 will not be applicable. 


b) check whether the “s” method is to be used initially or whether the standard deviation is stable and known, 


in which case the “o” method should be used; 


c) check that the inspection level to be used has been designated. If none has been given, inspection level II 
shall be used; 


d) check, for a quality characteristic with double specification limits, that nonconformities beyond each limit 
are of equal importance. If this is not the case, refer to ISO 3951-2; 


e) check that an AQL has been designated, and that it is one of the preferred AQLs for use with this part of 
ISO 3951. If it is not, then the tables are not applicable. 


15 Standard procedure for the “s” method 


15.1 Obtaining a plan, sampling and preliminary calculations 
The procedure for obtaining and implementing a plan is as follows. 


a) With the inspection level given (normally this will be II) and with the lot size, obtain the sample-size code 
letter using Table A.1. 


b) For a single specification limit, enter Table B.1, B.2 or B.3 as appropriate with this code letter and the 
AQL, and obtain the sample size 1 and the acceptability constant k. For combined control of double 
specification limits when the sample size is 5 or more, find the appropriate acceptance curve from among 
Charts s-D to s-R. 
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c) Take a random sample of size n, measure the characteristic x in each item and then calculate x, the 
sample mean and s, the sample standard deviation (see Annex J). If x is outside the specification 
limit(s), the lot can be judged unacceptable without even calculating s. It is, however, necessary to 
calculate s for record purposes. 


15.2 Acceptability criteria for single specification limits 


If single specification limits are given, calculate the quality statistic 


or 


as appropriate, then compare the quality statistic (Qy or Q,) with the acceptability constant k obtained from 
either Table B.1, B.2 or B.3 for normal, tightened or reduced inspection respectively. If the quality statistic is 
greater than or equal to the acceptability constant, the lot is acceptable; if less, then it is not acceptable. 
Thus, if only the upper specification limit U is given, the lot is 

acceptable if Oy > k, 

not acceptable if Oy < k, 
or, if only the lower specification limit Z is given, the lot is 

acceptable if O, > k, 

not acceptable if Q, < k. 
EXAMPLE 1 Single, upper specification limit 
The maximum temperature of operation for a certain device is specified as 60 °C. Production is inspected in lots of 100 
items. Inspection level II, normal inspection with AQL = 2,5 % is to be used. From Table A.1, the sample-size code letter 
is F; from Table B.1 it is seen that a sample size of 13 is required and that the acceptability constant k is 1,405. Suppose 


that the measurements are as follows: 53 °C; 57 °C; 49 °C; 58 °C; 59 °C; 54 °C; 58 °C; 56 °C; 50 °C; 50 °C; 55 °C; 54 °C; 
57 °C; compliance with the acceptability criterion is to be determined. 


Information needed Values obtained 
Sample size: n 13 
4 n 
Sample mean: ¥ =—)°x; 54,615 °C 
n* . 
j=1 
n 
Sample standard deviation: s = Dy ae)7 I(n-1) 3,330 °C 
j=l 


(See J.1.2, Annex J.) 


Specification limit (upper): U 60 °C 


© ISO 2005 — All rights reserved 13 


ISO 3951-1:2005(E) 


Upper quality statistic: Qy =(U-x)/s 1,617 
Acceptability constant: k (see Table B.1) 1,405 
Acceptability criterion: Is Qy > k? Yes (1,617 > 1,405) 


The lot meets the acceptability criterion, and is therefore acceptable. 
EXAMPLE 2 Single, lower specification limit, requiring the use of an arrow in the master table. 


A certain pyrotechnic delay mechanism has a specified minimum delay time of 4,0 s. Production is inspected in lots of 
1 000 items and inspection level II, normal inspection, is to be used with an AQL of 0,1 % applied to the lower limit. From 
Table A.1 it is seen that the sample-size code letter is J, and from Table A.2 it is seen that the sample size is 35 for the “s” 
method. However, on entering Table B.1 with sample-size code letter J and AQL 0,1 %, it is found that there is an arrow 
pointing to the cell below. This means that an entirely suitable plan is unavailable, and the next best plan is given by 
sample-size code letter K, i.e. sample size 50 and acceptability constant & = 2,569. A random sample of size 50 is drawn. 
Suppose the sample delay times, in seconds, are as follows: 

6,95 6,04 6,68 6,63 6,65 6,52 6,59 6,86 6,57 = 6,91 

6,40 6,44 6,34 6,04 6,15 6,29 6,63 6,70 6,67 6,67 

6,44 7,15 6,70 6,59 6,51 6,80 5,94 5,92 6,56 6,53 

635 7,17 6,83 6,25 6,96 7,00 6,38 6,83 6,29 6,39 

6,80 5,84 6,16 6,25 6,57 6,71 6,77 6,55 6,87 6,25 


Compliance with the acceptability criterion is to be determined. 


Information needed Values obtained 
Sample size: n 50 
4 n 
Sample mean: x = —) x; 6,542 s 
ne: . 
j=' 
n 
Sample standard deviation: s = Vx; -x)? I(n-1) 0,3120s 
j=t 
(See J.1.2, Annex J.) 
Lower specification limit: L 4,0s 
Lower quality statistic: QO, =(x -L)/s 8,147 
Acceptability constant: & (see Table B.1) 2,569 
Acceptability criterion: Is QO, > k? Yes (8,147 > 2,569) 


The lot meets the acceptability criteria, so it is acceptable. 


15.3 Graphical method for a single specification limit 
When a graphical criterion is desired, draw the line 


x =U —-ks (for an upper limit) 
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or 
x =L+ks (for a lower limit), 


as appropriate, on graph paper with x as the vertical axis and s as the horizontal axis. When the inspection 
concerns an upper specification limit, the accept zone is the zone below the line. When a lower specification 
limit is considered, the accept zone is the zone above the line. Plot the point (s, x ) on the graph. If this point 
lies in the accept zone, the lot is acceptable; if outside, it is not acceptable. 


EXAMPLE Using the data given in Example 1 of 15.2, mark the point U = 60 on the x (vertical) axis and draw a line 
through this point with a slope —k. [As k = 1,405, this means that the line passes through the points (s = 1, x = 58,595), 
(s=2, x = 57,190), (s=3, x = 55,785), etc.]. Select a suitable point and draw a straight line through it and (s =0, x 
= 60), i.e. (0, U). The accept zone is then the area under this line. The calculated values of s and x are 3,330 and 54,615. 
The point (s, x ) is seen from Figure 1 to lie within the accept zone; the lot is therefore acceptable. 


The graph can be prepared before beginning the inspection of a series of lots. Then, for each lot, the point (s, x ) may be 
plotted to determine whether or not the lot is acceptable. 


I >< 
x=U=60 


59 


58 


57 


56 


55 
x = 54,62 x 


54 


Key 
1 accept zone 
2 reject zone 


Figure 1 — Example of the use of an acceptance chart for single specification limit “s” method 


15.4 Acceptability criterion for combined control of double specification limits 


15.4.1 General 


For the “s” method with combined control of the upper and lower specification limits, i.e. with an overall AQL 
for the percentage of items from the process outside the specification limits, this part of ISO 3951 provides a 
graphical method for determining lot acceptability for all sample sizes except for sample sizes 3 and 4. 
(ISO 3951-2 provides numerical methods only.) The larger the sample variability, the less likely it is that the 
requirement is satisfied. If the value of s exceeds the value of the maximum sample standard deviation 
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(MSSD) obtained from Table D.1, D.2 or D.3, no further calculation or reference to graphs is required, since 
the lot shall be immediately judged unacceptable. 


Numerical methods are provided for the combined control of double specification limits for sample sizes 3 
and 4. 


15.4.2 Procedure for sample size 3 


It may be seen from Annex B that the required sample size is 3 for the “s” method for sample-size code letter B 
under normal and tightened inspection and for sample-size code letters B to D under reduced inspection. 


After calculating the sample meanx and the sample standard deviation s, find the applicable value of the 
coefficient /, from the first row of Table D.1, D.2 or D.3. Determine the maximum sample standard deviation 
(i.e. the maximum allowable) from the formula 


Smax = (U- Lyf 
Then compare s with s,,,,- If s is greater than s,,,, then the lot may be rejected without further calculation. 


Otherwise, determine the values of Qy =(U-—x)/s and QO, =(x—L)/s. Multiply Qy and QO, by 3/2 (i.e. 
approximately 0,866) and use Table F.1 to determine the estimates py and p, of the fraction of items in the 
process that are nonconforming beyond the upper and lower limits respectively. 


NOTE 1 Negative values of Q correspond to estimates of the process fraction nonconforming in excess of 0,5 at that 
specification limit and will consequently always result in lot non-acceptance under the provisions of this part of ISO 3951. 
However, in order to obtain a numerical value for record-keeping purposes, the estimate of the process fraction 
nonconforming can be obtained by entering Table F.1 with the absolute value of 30/2 and subtracting the result from 
1,0. For example if Q, =-—0,156 then (B0gl2= —0,135; entering Table F.1 with 0,135 gives an estimate of 0,4569; 
subtracting this from 1,0 gives Pu = 05431. 


NOTE 2 _ The basis of Table F.1 is given in Annex K. Instead of using Table F.1, the estimate of the process fraction 
nonconforming beyond each specification limit when n = 3 may be calculated directly as 


0 if O> 2/13, 

p= = aresin| (1-08 12)/2 if-2/,/3 <Q < 2/3, 
1 
1 if O<-2/)3. 


These two estimates must be added to obtain the estimate p = py+p, of the overall process fraction nonconforming. If 
p does not exceed the applicable maximum allowable value, p*, given in Table G.1, the lot is considered to be 
acceptable; otherwise, the lot is considered to be not acceptable. 


EXAMPLE Determination of acceptability for combined control of double specification limits when the sample size 
is 3. 


Torpedoes supplied in batches of 100 are to be inspected for accuracy in the horizontal plane. Positive or negative angular 
errors are equally unacceptable, so combined control of the double specification limits is appropriate. The specification 
limits are set at 10m either side of the target point at a distance of 1 km, with an AQL of 4%. Because testing is 
destructive and very costly, it has been agreed between the producer and the responsible authority that special inspection 
level S-2 is to be used. From Table A.1, the sample-size code letter is found to be B. From Table A.2, it is seen that a 
sample of size 3 is required. Three torpedoes are tested, yielding errors of -5,0 m, 6,7 m and 8,8 m. Compliance with the 
acceptability criterion under normal inspection is to be determined. 
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Information needed Value obtained 
Sample size: n 3 
4 n 
Sampl :x=— F 
ple mean: x aes 3,5m 
j=1 
n 
Sample standard deviation: s = Vix; ~x)? (n-1) 7,436 m 
j=l 


(See J.1.2, Annex J.) 


Value of f, for MSSD (s (Table D.1) 0,474 


max) 
Smax = (U — L)f, = [10 — (-10)] x 0,474 9,48 


As s = 7,436 <s,.4, = 9,48, the lot may be acceptable, so continue with the calculations. 


Qy =(U-x)/s = (10 - 3,5)/7,436 0,8741 
Oy =(x -L)/s = (3,5 + 10)/7,436 1,815 
V¥30y/2 0,757 
430, /2 1,572 
Py (from Table F.1) 0,2267 
P,. (from Table F.1) 0,0000 
P= PUtPL 0,2267 
p* (from Table G.1, normal inspection) 0,1905 


As p> p”, the lot is not acceptable. 


NOTE 3 _ This lot is not acceptable even though all inspected items in the sample are within the specification limits. 


15.4.3 Procedure for sample size 4 


It may be seen from Annex B that the required sample size is 4 for the “s” method for sample-size code letter 
C under normal and tightened inspection and for sample-size code letter E under reduced inspection. 


After calculating the sample mean x and the sample standard deviation s, find the applicable value of the 


coefficient f, from the second row of Table D.1, D.2 or D.3. Determine the maximum sample standard 
deviation (i.e. the maximum allowable) from the formula 


Smax = (U- L)fs 
Then compare s with s,,,,. If s is greater than s,,,, then the lot may be rejected without further calculation. 


Otherwise determine the values of Qy =(U-—x)/sand Q, =(x-—L)/s. Calculate 


0 if Oy > 1,5, 
Pu = 0,5-QOy/3 if -1,5<Qy < 15, (1) 
1 if Oy < 1.5, 
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and 
0 if OL > 1,5, 
PL = 0,5-O,/3 if -1,5< QO < 1,5, (2) 
1 if O, <—1,5. 


Add these two estimates to obtain the estimate p = py +p, of the overall process fraction nonconforming. If 
Pp does not exceed the applicable maximum allowable value, p*, given in Table G.1, the lot is considered to 
be acceptable; otherwise the lot is considered to be not acceptable. 


NOTE The basis of Equations (1) and (2) is given in Annex N. 


EXAMPLE Items are being manufactured in lots of size 50. The lower and upper specification limits on their 
diameters are 82 mm to 84 mm. Items with diameters that are too large are equally unsatisfactory as those with diameters 
that are too small, and it has been decided to control the total fraction nonconforming using an AQL of 2,5 % at inspection 
level Il. Normal inspection is to be instituted at the beginning of inspection operations. From Table A.1, the sample-size 
code letter is found to be C. From Table A.2, it is seen that a sample of size 4 is required. The diameters of four items from 
the first lot are measured, yielding diameters 82,4 mm, 82,2 mm, 83,1mm and 82,3mm. Compliance with the 
acceptability criterion under normal inspection is to be determined. 


Information needed Value obtained 
Sample size: n 4 
4 n 
Sample mean: x = -» xj 82,50 mm 
"j= 
n 
Sample standard deviation: s = Vx; =x)7 (n-1) 0,4082 mm 
j=1 
(See J.1.2, Annex J.) 
Upper specification limit: U 84,0 mm 
Lower specification limit: L 82,0 mm 
Value of f, for MSSD (s,,,,) (Table D.1) 0,376 
Smax = (U —L)f = (84 — 82) x 0,376 0,752 mm 


As s = 0,408 2 <s,,,, = 0,752, the lot may be acceptable, so continue with the calculations. 


Qy =(U-Xx)/s = (84 — 82,5)/0,408 2 3,674 7 
OL =(x -L)/s = (82,5 — 82)/0,408 2 1,224 9 
Py [from (1) above] 0,000 0 
P [from (2) above] 0,091 7 
P=PutPL 0,091 7 
p* (from Table G.1, normal inspection) 0,112 3 


As p< p*, the lot is acceptable. 
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15.4.4 Procedure for sample sizes greater than 4 


After calculating the sample mean x and the sample standard deviation s, find the applicable value of the 
coefficient f, from Table D.1, D.2 or D.3. Determine the maximum sample standard deviation (i.e. the 
maximum allowable) from the formula 


Smax = (U- LYfs 
Then compare s with s,,,. If s is greater than s,,,, then the lot may be rejected without further ado. 


Otherwise, from among Charts s-D to s-R, consult the chart labelled with the appropriate sample-size code 
letter and select the acceptance curve with the AQL specified for the two limits. 


Then calculate the values of s/(U — L) and (x — L)/(U — L) and plot a point representing these values on a copy 
of the graph. If the point lies inside the curve, the lot is acceptable; if outside, the lot is not acceptable. 


For greater convenience it is recommended that, before the inspection operations begin, the required 
acceptance curves for normal, tightened and reduced inspection be copied. The scales should be adjusted so 
that s and x can be plotted directly (i.e. the upper specification limit is given instead of 1,0 and the lower 
specification limit instead of 0,0 on the vertical scale). 


Then plot a point on the chart representing the values of s and x found from the sample. If the point lies 
inside or on the curve, the lot is acceptable; if outside, it is not acceptable. 


EXAMPLE The minimum temperature of operation for a certain device is specified as 60 °C and the maximum 
temperature as 70 °C. Production is in inspection lots of 96 items. Inspection level Il, normal inspection, with AQL = 1,5 %, 
is to be used. From Table A.1, the sample-size code letter is found to be F; from Table A.2 it is seen that a sample of 13 is 
required, and from Table D.1 that the value of /, for the MSSD under normal inspection is 0,274. Suppose the 
measurements obtained are as follows: 


65,5 °C; 60,0 °C; 65,2 °C; 61,7 °C; 69,0 °C; 67,1 °C; 60,0 °C; 66,4 °C; 62,8 °C; 68,0 °C; 63,4 °C; 60,7 °C; 65,8 °C; 


compliance with the acceptability criterion is to be determined. 


Information needed Value obtained 
Sample size: n 13 
4 n 
Sample mean: x = —)'x,; 64,28 °C 
nN‘ . 
j=1 
n 
Sample standard deviation: s = YG =#)- I(n-1) 2,86 °C 
j=1 


(See J.1.2, Annex J.) 


Upper specification limit: UV 70,0 °C 
Lower specification limit: L 60,0 °C 
Value of f, for MSSD (s,,,,) (Table D.1) 0,274 

Smax = (U-LYf 2,74 °C 


As the value of s exceeds s,,, the lot may immediately be judged unacceptable. 


NOTE This lot is not acceptable even though all inspected items in the sample are within the specification limits. 
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Suppose that the AQL had been 4,0 % instead of 1,5 %. In that case the value of f, would be 0,328, giving an 
MSSD of 3,28. As s is now less than the MSSD, it is not possible to determine at this stage whether or not the 
lot is acceptable. The appropriate acceptance curve is taken from Chart s-F. If, as on Figure 2, the scales 


have been adjusted to the real measurements, plot the point (s = 2,86; x =64,28). This lies inside the 
acceptance curve for an AQL of 4,0 %, so the lot is acceptable. 


I> 
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x = 64,28 x 
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60 


3,5 $s 


Key 
1 accept zone 
2 reject zone 


Figure 2 — Example of the use of an acceptance chart for combined control of double 


specification limit “s” method with actual scales 


If the scale of the chart has not been adjusted to the values of s and x, the following additional calculations 
are required: 


standardized sample mean: (x — L)/(U —L) = (64,28 — 60)/(70 — 60) = 0,428. 
standardized sample standard deviation: s/(U — L) = 2,86/(70 — 60) = 0,286. 


The point (0,286, 0,428) is plotted on Figure 3. As it lies inside the acceptance curve for AQL = 4,0 %, the lot 
is acceptable. 
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Key 
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Figure 3 — Example of the use of an acceptance chart for combined control of double 


specification limit “s” method with normalized scales 


16 Standard procedure for the “o’ method 


16.1 Obtaining a plan, sampling and preliminary calculations 


The “o” method is only to be used when there is valid evidence that the standard deviation, o, of the process 
can be considered constant with a known value. 


From Table A.1 obtain the sample-size code letter. Then, depending on the severity of inspection, enter 
Table C.1, C.2 or C.3 with the sample-size code letter and the specified AQL to obtain the sample size n and 
acceptability constant k. 


Take a random sample of this size, measure the characteristic under inspection, x, for all items of the sample 
and calculate the mean x. (The sample standard deviation s should also be calculated, but only for the 
purpose of checking the continued stability of the process standard deviation. See Clause 19.) 


16.2 Acceptability criteria for a single specification limit 


The acceptability criterion can be found by following the procedure given for the “s” method. First replace the s 
derived from the individual samples by o, the presumed known value of the standard deviation of the process, 
and then compare the calculated value of Q with the value of the acceptability constant & obtained from one of 


the Tables C.1, C.2 and C.3. 
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Note, for example, that the acceptability criterion Qy [=(U-—x)/o]=Afor an upper specification may be 
written as x <U-ko. As U, k and o are all known in advance, the acceptance value xy [=U -—ko] should 
therefore be determined before inspection begins. For an upper specification limit, a lot will be 


acceptable if x < xy [= U-—ko]; not acceptable if x > xy [= U -ko]. 


Similarly, for a lower specification limit, a lot will be 


acceptable if x > x, [= L+ko]; not acceptable if x <x, [= L+ko]. 


EXAMPLE The specified minimum yield point for certain steel castings is 400 N/mm2. A lot of 500 items is submitted 
for inspection. Inspection level Il, normal inspection, with AQL = 1,5 %, is to be used. The value of ais considered to be 
21 N/mm2. From Table A.1 it is seen that the sample-size code letter is H. Then, from Table C.1, it is seen that for an AQL 
of 1,5 % the sample size n is 12 and the acceptability constant & is 1,613. Assume that the yield points of the sample 
specimens are 431; 417; 469; 407; 450; 452; 427; 411; 429; 420; 400; 445. Compliance with the acceptability criterion is 
to be determined. 


Information needed Value obtained 
Acceptability constant: k 1,613 
Known: o 21 N/mm? 
Product: ko 33,9 N/mm2 
Specification limit: Z 400 N/mm? 
Acceptance value: x, =L+ko 433,9 N/mm? 
n 
Sum of measurement results: by 5 184 N/mm2 
jel 
Sample size: n 12 
4 n 
Sample mean: x = -—) x; 429,8 N/imm2 
n* . 
j=1 
Acceptability criterion: is x > x, ? No 


The sample mean of the lot does not meet the acceptability criterion, so the lot is not acceptable. 


16.3 Acceptability criterion for combined control of double specification limits 


For combined control of the upper and the lower specification limits, i.e. where there is an overall AQL for the 
percentage of the process outside the specification limits, the following procedure is recommended. 


a) 


b) 


22 


Before sampling, enter Table E.1 with the AQL to determine the value of the factor /, 


Calculate the maximum allowable value of the process standard deviation, using the formula 
Omax = (U — L)f, for the MPSD. 


Compare the value of the process standard deviation o with o,,3,. If o exceeds o,,, the process is 
unacceptable and sampling inspection is pointless until it is demonstrated that the process variability has 
been adequately reduced. 


If oO < Opax then use the lot size and given inspection level to determine the sample-size code letter from 
Table A.1. 


From the sample-size code letter and inspection severity (i.e. whether inspection is normal, tightened or 


reduced) determine the sample size, n, and acceptability constant, 4, from Table C.1, C.2 or C.3 as 
appropriate. 
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f) Calculate the upper allowable bound, xy, to sample means from the formula xy =U —ko, and the lower 
allowable bound x, from the formula x, =L+ko. 


g) Select a random sample of size n from the lot and calculate the sample meanx. The acceptability 
criterion is: If x, <x <xy, the lot is acceptable; if x <x, or x > xy, the lot is not acceptable. 


EXAMPLE The specification for electrical resistance of a certain electrical component is (520 + 50) Q. Production is 
at a rate of 2 500 items per inspection lot. Inspection level Il, normal inspection, with a single AQL of 4 %, is to be used for 
the two specification limits (470 and 570). The value of a is known to be 21,0. Entering Table A.1 with the lot size and 
inspection level, it is found that the sample-size code letter is K; from Table A.2 it is seen that a sample size of 18 is 
required under normal inspection. Suppose the values of the sample resistance, in ohms, are as follows: 515; 491; 479; 
507; 543; 521; 536; 483; 509; 514; 507; 484; 526; 552; 499; 530; 512; 492. 


Information needed Value obtained 
Factor from Table E.1: f, 0,223 
Upper specification limit: UV 5709 
Lower specification limit: L 470 Q 
Maximum process standard deviation, o,,,, =(U-L)f, 22,30 
Known: o 21,00 


(As ais less than o the sample is analysed further for lot acceptability. ) 


max’ 


Sample size: n 18 

Acceptability constant (from Table C.1) 1,340 

Upper bound for x: xy =U-ko 541,9 O 

Lower bound for x: x, =Lt+ko 498,12 
n 

Sum of measurement results: ber 9 200 QO 


j=1 


n 


Sample mean: x = *y 


‘ 511,10 
ap ae 


j=1 


As x at 511,1 © lies between the acceptance limits for x of 498,1 Q and 541,9 Q, the lot is acceptable. 

All the calculations other than the last two lines should be completed before sampling begins. 

If, for example, ohad been known to be 25, then o exceeds the MPSD and therefore sampling inspection should not even 
have taken place. 

17 Procedure during continuing inspection 

As a variables sampling inspection plan can only operate efficiently if 

a) the characteristic being inspected is normally distributed, 

b) records are kept, 

c) the switching rules are obeyed, 


it is necessary to ensure that these requirements are being met. 
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18 Normality and outliers 


18.1 Normality 


The responsible authority should check for normality before sampling begins. In case of doubt, a statistician 
should advise whether the distribution appears suitable for sampling by variables, or whether use should be 
made of the tests for departure from normality given in ISO 5479 or in ISO 2854:1976, Clause 2. 


18.2 Outliers 


An outlier (or an outlying observation) is a datum that appears to deviate markedly from other observations in 
the sample in which it occurs. A single outlier, even when it lies within specification limits, will produce an 
increase in variability and change the mean and may consequently lead to non-acceptance of the lot (see, for 
example, ISO 5725-2). When outliers are detected, the disposition of the lot should be a matter for negotiation 
between the vendor and purchaser. 


19 Records 


19.1 Control charts 


One of the advantages of inspection by variables is that trends in the quality level of the product can be 
detected and a warning given before an unacceptable standard is reached, but this is only possible if 
adequate records are kept. 

Whatever the method used, “s” or “o’, records should be kept of the values of x and s, preferably in the form 
of control charts (see ISO 7870 and ISO 8258). 

This procedure should be applied especially with the “o” method in order to verify that the values of s obtained 
from the samples fall within the limits of the prescribed value of o. 


For combined control of double specification limits, the values of the MSSD, given in Table D.1, D.2 or D.3, 
should be plotted on the s control chart, as an indication of an unacceptable value. 


NOTE Control charts are used to detect trends. The ultimate decision as to the acceptability of an individual lot is 
governed by the procedures given in Clauses 15 and 16. 


19.2 Lots that are not accepted 
Particular care shall be taken to record all lots that are not accepted and to see that switching rules are 


implemented. Any lot not accepted by the sampling plan shall not be resubmitted either in whole or in part 
without the permission of the responsible authority. 


20 Operation of switching rules 

The standard switching rules are as follows. 

a) Normal inspection is used at the start of inspection (unless otherwise designated) and shall continue to 
be used during the course of inspection until tightened inspection becomes necessary or reduced 


inspection is allowed. 


b) Tightened inspection shall be instituted when two lots on original normal inspection are not accepted 
within any five or fewer successive lots. 
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Tightened inspection is generally achieved by increasing the value of the acceptability constant 4. The 


values are tabulated in Table B.2 for the “s” method and Table C.2 for the “o’ method. For neither method 
is there a change in the size of the sample in switching from normal to tightened inspection, unless the 
AQL is so small that the tables indicate, with a downward arrow, that an increase in sample size is 
necessary. 


c) Tightened inspection shall be relaxed when five successive lots on original inspection have been 
accepted on tightened inspection; then normal inspection shall be reinstated. 


d) Reduced inspection may be instituted after ten successive lots have been accepted under normal 
inspection, provided that 


1) these lots would have been acceptable if the AQL had been one step tighter; 


NOTE _ If avalue of & for this tighter AQL is not given in Table B.1 (“s” method) or Table C.1 (“o” method), refer 
to Table 1.1. 


2) production is in statistical control; 

3) reduced inspection is considered desirable by the responsible authority. 
Reduced inspection is conducted on a much smaller sample than normal inspection and the value of the 
acceptability constant is also decreased. The values of n and k for reduced inspection are given in Table B.3 


for the “s” method and Table C.3 for the “o” method. 


e) Reduced inspection shall cease and normal inspection be reinstated if any of the following occur on 
original inspection: 


1) alotis not accepted; 
2) production becomes irregular or delayed; 


3) reduced inspection is no longer considered desirable by the responsible authority. 


21 Discontinuation and resumption of inspection 


If the cumulative number of lots not accepted in a sequence of consecutive lots on original tightened 
inspection reaches 5, the acceptance procedures of this part of ISO 3951 shall be discontinued. 


Inspection under the provisions of this part of ISO 3951 shall not be resumed until action has been taken by 
the supplier to improve the quality of the submitted product or service, and the responsible authority has 
agreed that this action is likely to be effective. Tightened inspection shall then be used as if 20 b) had been 
invoked. 


22 Switching between the “s” and “o’ methods 


22.1 Estimating the process standard deviation 


While this part of ISO 3951 is being used, the weighted root mean square of the values of s shall be calculated 
periodically as estimates of the process standard deviation o for both the “s” and the “o” methods. (See J.2 in 
Annex J.) The value of o shall be re-estimated at five lot intervals, unless the responsible authority specifies 
another interval. The estimate shall be based on the preceding 10 lots, unless the responsible authority 
specifies another number of lots. 
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22.2 State of statistical control 


Calculate the upper control limit for each of the 10 lots (or other number of lots specified by the responsible 
authority) from the expression co, where c, is a factor that depends on the sample size n and is given in 
Table H.1. If none of the sample standard deviations, Sj exceeds the corresponding control limit, then the 
process may be considered to be in a state of statistical control; otherwise the process shall be considered to 
be out of statistical control. 


NOTE 1 If the sample sizes from the lots are all equal, then the value of cc is common to all the lots. 


NOTE 2 _ If the sample sizes from each lot vary, it is not necessary to calculate co for those lots for which the sample 
standard deviation, Sj is less than or equal to o. 


22.3 Switching from the “s” method to the “o’ method 


“oo” “oy 


If the process is considered to be in a state of statistical control under the “s” method, then the“o” method may 


be instituted using the latest value of o. 
NOTE This switch is made at the discretion of the responsible authority. 


22.4 Switching from the “o’ method to the “s” method 


“oy 


It is recommended that a control chart for s be kept, even under the “o”’ method. Once the process is 


considered to be out of statistical control, inspection shall be switched to the “s” method. 


23 Chart A— Sample-size code letters of standard single sampling plans for 
specified quality levels 


Figure 4 shows sample-size code letters of standard single sampling plans for specified quality levels at 95 % 
and 10 % probabilities of acceptance (in percent nonconforming). 
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Key 
X __ limiting quality, i.e. quality level at 10 % probability of acceptance (in percent nonconforming) 


Y = quality level at 95 % probability of acceptance (in percent nonconforming) 
Sample-size code letters are shown in boldface type. 


Figure 4 — Chart A — Sample-size code letters of standard single sampling plans for specified 
quality levels at 95 % and 10 % probabilities of acceptance 
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24 Charts B to R (Figures 5 to 19) — Operating characteristic curves and tabulated 


values for sample-size code letter B to R: “s” method 


24.1 Chart B 


10 


0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 X 


Key 
X process quality (in percent nonconforming) 
Y percent of lots expected to be accepted (P,,) 


NOTE Figures on curves are AQLs in percent nonconforming. 


Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (tightened inspection) — Sample-size code letter B 


Acceptance quality limit (reduced inspection) — Sample-size code letters B-D 


Figure 5 — Chart B — Operating characteristics curves for single sample plans, normal inspection 
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24.2 Chart C 


0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 X 


Key 
X process quality (in percent nonconforming) 
Y percent of lots expected to be accepted (P,,) 


NOTE Figures on curves are AQLs in percent nonconforming. 


Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (tightened inspection) — Sample-size code letter C 


Acceptance quality limit (reduced inspection) — Sample-size code letter E 


Figure 6 — Chart C — Operating characteristics curves for single sample plans, normal inspection 
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24.3 Chart D 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


" 
Cas [| 2s | 0 | os | mo 

Teo [oa [oa [oo | amo [ae | ox | vom | ooo 

soo [11 | 200 | 208 | 40s | 976 | eo | ane | ono 


ES A Pr BT 


Acceptance quality limit (tightened inspection) — Sample-size code letter D 


Acceptance quality limit (reduced inspection) — Sample-size code letter F 


Figure 7 — Chart D — Operating characteristics curves for single sample plans, normal inspection 
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24.4 Chart E 
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Figures on curves are AQLs in percent nonconforming. 
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Figure 8 — Chart E — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 
All data in percent 
Acceptance quality limit (normal inspection) — Sample-size code letter E 
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Acceptance quality limit (reduced inspection) — Sample-size code letter G 


Figure 8 (continued) 
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24.5 Chart F 
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NOTE 


Figures on curves are AQLs in percent nonconforming. 


b) 


Figure 9 — Chart F — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (normal inspection) — Sample-size code letter F 2 
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Acceptance quality limit (reduced inspection) — Sample-size code letter H 


Figure 9 (continued) 
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24.6 Chart G 
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Figures on curves are AQLs in percent nonconforming. 


b) 


Figure 10 — Chart G — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 
All data in percent 
Acceptance quality limit (normal inspection) — Sample-size code letter G 
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Acceptance quality limit (reduced inspection) — Sample-size code letter J 


Figure 10 (continued) 
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24.7 Chart H 


Key 


X process quality (in percent nonconforming) 
Y percent of lots expected to be accepted (P,) 


NOTE 


1,5 


0,4 


012 3 4 5 6 7 8 9 


0,25 


10 11 12 13 14 15 16 17 18 19 20 xX 


a) 


0 2 4 6 8 


Figures on curves are AQLs in percent nonconforming. 
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Figure 11 — Chart H — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (normal inspection) — Sample-size code letter H 
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Figure 11 (continued) 
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24.8 Chart J 


Key 


6,5 


10 


2,9 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 X 


X process quality (in percent nonconforming) 


Y percent of lots expected to be accepted (P,) 
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Figures on curves are AQLs in percent nonconforming. 
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Figure 12 — Chart J — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 
Acceptance quality limit (normal inspection) — Sample-size code letter J ‘ 
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Figure 12 (continued) 
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24.9 Chart K 
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Figures on curves are AQLs in percent nonconforming. 
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Figure 13 — Chart K —Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 
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Acceptance quality limit (reduced inspection) — Sample-size code letter M 


Figure 13 (continued) 
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24.10 Chart L 
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NOTE Figures on curves are AQLs in percent nonconforming. 


Figure 14 — Chart L — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (normal inspection) — Sample-size code letter L 
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Figure 14 (continued) 
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24.11 Chart M 
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Figures on curves are AQLs in percent nonconforming. 
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Figure 15 — Chart M — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 
All data in percent 
Acceptance quality limit (normal inspection) — Sample-size code letter M 
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Acceptance quality limit (reduced inspection) — Sample-size code letter P 


Figure 15 (continued) 
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24.12 Chart N 
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NOTE Figures on curves are AQLs in percent nonconforming. 


Figure 16 — Chart N — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 
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Acceptance quality limit (tightened inspection) — Sample-size code letter N 
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Acceptance quality limit (reduced inspection) — Sample-size code letter Q 


Figure 16 (continued) 
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24.13 Chart P 
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Figures on curves are AQLs in percent nonconforming. 
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Figure 17 — Chart P — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (normal inspection) — Sample-size code letter P 
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Acceptance quality limit (reduced inspection) — Sample-size code letter R 


Figure 17 (continued) 
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24.14 Chart Q 
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Figure 18 — Chart Q — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 


All data in percent 


Acceptance quality limit (normal inspection) — Sample-size code letter Q 
(o eiesneleee eee foe el a 
seo [oor | oor [aoe | ons [| ace [ace | 016 [ozs [oar [ass [as | ost [ome | ons | om 
Peso [one [one [oo | oos | one [oss |oze [ose | ose | oas | 086 [066 | oa | 10% | 050 
Fsoo [002 | oas [oot | oor [ono [one | 02s [asr [oas [ase [oss | are [oss | 117 | wo 
[750 [00s [oo [coe | ovo [one [oe [oss [one [oss [ase [ose | oss | ze | 14s | 750, 


Poors [ones [aoe [aves [oro fowsfoas] owl fost [ol _| 


Acceptance quality limit (tightened inspection) — Sample-size code letter Q 


Figure 18 (continued) 
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24.15 ChartR 
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Figures on curves are AQLs in percent nonconforming. 
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Figure 19 — Chart R — Operating characteristics curves for single sample plans, normal inspection 
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Tabulated values for operating characteristic curves for single sampling plans 
All data in percent 


Acceptance quality limit (normal inspection) — Sample-size code letter R 
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Figure 19 (continued) 
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25 Charts s-D to s-R (Figures 20 to 32) — Acceptance curves for combined control of 


double specification limits: “s” method 
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1 AQL % (normal, D) 
2 AQL % (tightened, D) 
3  AQL % (reduced, F) 


Figure 20 — Chart s-D — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter D (sample size 6) 
(sample-size code letter F for reduced inspection) 
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Figure 21 — Chart s-E — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter E (sample size 9) 
(sample-size code letter G for reduced inspection) 
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1 AQL % (normal, F) 

2 AQL % (tightened, F) 
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Figure 22 — Chart s-F — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter F (sample size 13) 
(sample-size code letter H for reduced inspection) 
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Figure 23 — Chart s-G — Acceptance curves for double specification limits with a combined 
AQL requirement: “s” method — Sample-size code letter G (sample size 18) 
(sample-size code letter J for reduced inspection) 
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Figure 24 — Chart s-H — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter H (sample size 25) 
(sample-size code letter K for reduced inspection) 
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Figure 25 — Chart s-J — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter J (sample size 35) 
(sample-size code letter L for reduced inspection) 
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Figure 26 — Chart s-K — Acceptance curves for double specification limits with a combined 
AQL requirement: “s” method — Sample-size code letter K (sample size 50) 
(sample-size code letter M for reduced inspection) 
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2 AQL % (tightened, L) 
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Figure 27 — Chart s-L — Acceptance curves for double specification limits with a combined 
AQL requirement: “s” method — Sample-size code letter L (sample size 70) 
(sample-size code letter N for reduced inspection) 
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Figure 28 — Chart s-M — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter M (sample size 95) 
(sample-size code letter P for reduced inspection) 
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2 AQL % (tightened, N) 
3  AQL % (reduced, Q) 


Figure 29 — Chart s-N — Acceptance curves for double specification limits with a combined 
AQL requirement: “s” method — Sample-size code letter N (sample size 125) 
(sample-size code letter Q for reduced inspection) 
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Figure 30 — Chart s-P — Acceptance curves for double specification limits with a combined 


AQL requirement: “s” method — Sample-size code letter P (sample size 160) 
(sample-size code letter R for reduced inspection) 
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1 AQL % (normal, Q) 
2 AQL % (tightened, Q) 


Figure 31 — Chart s-Q — Acceptance curves for double specification limits with a combined 
AQL requirement: “s” method — Sample-size code letter Q (sample size 200) 
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Figure 32 — Chart s-R — Acceptance curves for double specification limits with a combined 
AQL requirement: “s” method — Sample-size code letter R (sample size 250) 
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Annex A 
(normative) 


Tables for determining the appropriate sample size 


Tables A.1 and A.2 specify appropriate sample sizes. 
Table A.1 — Sample-size code letters and inspection levels 


Lot or batch size Special inspection levels General inspection levels 


2to8 
9 to 15 
16 to 25 


26 to 50 
51 to 90 
91 to 150 
151 to 280 
281 to 500 
501 to 1 200 
1 201 to 3 200 
3 201 to 10 000 
10 001 to 35 000 
35 001 to 150 000 
150 001 to 500 000 
500 000 and over 


ae eee ee ee ee 

B B B B B B B 
B B B B B B Cc 
B B B B B Cc D 
B B B Cc Cc D E 
B B Cc Cc Cc E F 
B B Cc D D F G 
B Cc D E F G H 
B Cc D E F H J 
Cc Cc E F G J K 
Cc E G H K L 
Cc F G J L. M 
Cc F H K M N 

E G J L N 

E G J M P 

E H K N Q 


NOTE The sample-size code letters and inspection levels in this part of ISO 3951 correspond to those given in 
ISO 2859-1. 
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Table A.2 — Sample sizes for sample-size code letters and inspection method 


fits ies Equivalent attributes 
Sample- sample size in ISO 2859-1 


size code 
letter Normal and Reduced Normal and Radliced Normal and Reduced 


tightened : : tightened : , tightened : : 
‘ : inspection | . : inspection : : inspection 
inspection inspection inspection 


= 
wo 
ip) 
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[Ts [ «|» [.« |» | » 
[a= [= [2 [« | » | » 


oO] wo 
o;|ou 


<e) 
oa 


“N 
oO 
oO 
oa 


oa 
Oo 


NOTE The sample-size code letters and inspection levels in this part of ISO 3951 correspond to those given in 
ISO 2859-1. 
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Annex B 
(normative) 


Form & single sampling plans for the “s” method 


Tables B.1 to B.3 provide single sampling plans for the “s” method. 
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Annex C 
(normative) 


Form k single sampling plans for the “o’ method 


Tables C.1 to C.3 provide single sampling plans for the “o” method. 
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Annex D 
(normative) 


Values of /, for maximum sample standard deviation (MSSD) 


Tables D.1 to D.3 provide values of f, for maximum sample standard deviation. 
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Annex E 
(normative) 


Values of /,, for maximum process standard deviation (MPSD) 


Table E.1 provides values for maximum process standard deviation. The MPSD indicates the greatest 
allowable magnitude of the process standard deviation when using plans for combined control of double 
specification limits when the process variability is known. If the process standard deviation is less than the 
MPSD, then there is a possibility, but not a certainty, that the lot will be accepted. 


The MPSD is obtained by multiplying the standardized MPSD /, by the difference between the upper 
specification limit U and the lower specification limit Z, i.e. MPSD = (U-L)f,. 


Table E.1 — Values of /, for maximum process standard deviation for combined control of 


double specification limits: “o’ method 


Acceptance quality limit 
% nonconforming 
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Annex F 
(normative) 


Estimating the process fraction nonconforming for sample size 3: 


s’ method 


Table F.1 provides values for the estimated process fraction nonconforming. 


Table F.1 — Estimated process fraction nonconforming, p, as a function of the quality statistic O 


First two Third decimal place of 0/3 /2 
decimal 


0/3 12 : : z 2 : m z 2 . z 
Tsa0 | oseco | anser | oasee | oaseo | anser | onsee | oaser | oneve | oaa7s | ona 
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Table F.1 (continued) 


rn 
aie: 


0,50 
0,51 
0,52 
0,53 
0,54 
0,55 
0,56 
0,57 
0,58 
0,59 


0,61 
0,62 
0,63 
0,64 
0,65 


0,67 
0,68 
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First two 
decimal 
places of 


OV3/2 


Table F.1 (continued) 


Third decimal place of 0/3 /2 


0,72 
0,73 
0,74 
0,75 
0,76 
0,77 
0,78 
0,79 
0,80 
0,81 
0,82 
0,83 
0,84 
0,85 
0,86 
0,87 
0,88 
0,89 


0,2395 
0,2348 
0,2301 
0,2252 
0,2203 
0,2152 
0,2101 
0,2048 
0,1995 
0,1940 
0,1883 
0,1826 
0,1766 
0,1705 
0,1641 
0,1575 
0,1507 
0,1436 
0,91 
0,92 
0,93 
0,94 
0,95 


0,1361 
0,1282 
0,1198 
0,1108 
0,1011 
0,0903 
0,0782 
0,0638 
0,0451 
0,0000 


0,97 
0,98 


1,00 


NOTE 


For negative values of Q, enter the table with the absolute value of OV3 12 and subtract the result from 1,0. 


0,1472 
0,1399 
0,1322 
0,1241 
0,1 

0,1061 


Fo06r 


0,1118 
0,1021 
0,0915 
0,0795 
0,0653 
0,0473 
0,0142 
0,0000 


86 
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Annex G 
(normative) 


Type p* single sampling plans 


Table G.1 maximum allowable value for type p* single sampling plans. 


Table G.1 — Maximum allowable values, p* , of the estimated process fraction nonconforming 


for sample sizes 3 and 4: “s” method 


Inspection Acceptance quality limit 
severity i % nonconforming 


v v v v 
Tightened 0,1905 0,2494 
0,1123 0,1513 0,2157 


Normal 0,1905 0,2494 0,3495 
0,1123 0,1513 0,2157 0,3067 
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Annex H 
(normative) 


Values of c, for upper control limit on the sample standard deviation 


Table H.1 provides values of c, for upper limits on sample standard deviation. 
Table H.1 — Values of c,, for upper control limit on the sample standard deviation 


Sample Factor Sample Factor Sample Factor Sample Factor 
size size size size 
n Cy n Cy n Cy n Cy 


a 
Pe [soo [se [vaso [so [sass [mon] 00 | 
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Annex | 
(normative) 


Supplementary acceptability constants for qualifying towards 
reduced inspection 


Table |.1 provides supplementary acceptability constants. 


Table I.1 — Supplementary acceptability constants for qualifying towards reduced inspection 


Acceptability constant for 


Sanpiesee AQL that is one step tighter 


code letter “o’ method 


% 
ee 
ae ae 
a ee 
a ae ee ae 
a 
pd, > aie | 
Li a 
a a 
ee ee ae 
ee 
Le = ae] 
a ae 
a a 
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Annex J 
(normative) 


Procedures for obtaining s and o 


J.1 Procedure for obtaining s 


J.1.1. The estimate from a sample of the standard deviation of a population is generally denoted by the 
symbol s. Its value may be obtained from the mathematical formula 


(J.1) 


where x; is the value of the quality characteristic of the jth item in a sample of n articles, expressed as a 


decimal fraction, and x is the mean value of the Xjp i.e. 


4 n 
x=— J.2 
x ae (J.2) 


J.1.2 |The above formula for s is not recommended for the purpose of computation, as it tends to introduce 
an unnecessary amount of rounding error. An equivalent but computationally better formula is 


nyixy sO) 
pe | eee j= (J.3) 
n(n—1) 


J.1.3 If the variability is very small relative to the mean, i.e. s is very small in comparison with x, this 
formula can be improved upon still further by subtracting a suitable arbitrary constant a from all the values of 
before computing s, i.e. 


n>\(x;-a)*-{} (x; -a)}? 
j= 


aa = rE co 


J.1.4 Many pocket calculators have a standard deviation function key. Unfortunately, sometimes the sample 
size n is used by the machine in the denominator instead of n — 1. If it is planned to use a calculator function, 
or a computer program, it is important to check that the formula used by the machine is equivalent to 
Equation (J.1). A simple check is to find the standard deviation of the three numbers 0, 1 and 2. The sample 
size n is 3, the sample mean is 1, the deviations from the mean are — 1, 0 and 1, the squares of the deviations 
are 1, 0 and 1, the sum of squares of the deviations is 2, so from Equation (J.1) we have 


se evar, 
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If the computer or calculator is erroneously using n instead of n — 1 in the denominator, then the result of the 
calculation will be 


KY - [2 -ost6s. 
3 


Use of n in the denominator shall be avoided, for otherwise the acceptance criterion is weakened and the 
AOQL protection to the consumer is lost. 


NOTE It is instructive to work through the use of Equation (J.3) for this example. It is found that 
os 3x(0° 417 427)=(04142)7 g HOE ES _ [3x59 - o-1 
; 3x(3-1) 3x2 6 6 

as before. 


J.2 Procedure for obtaining o 


J.2.1 If it appears from the control chart that the value of s is in control, o may be presumed to be the 
weighted root mean square of s given by the following formula: 


m__ is the number of lots; 


n,; is the sample size from the ith lot; 


s; is the sample standard deviation from the ith lot. 


J.2.2 If the sample sizes from each of the lots are equal, then the above formula simplifies to 
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Annex K 
(informative) 


Consumer's risk qualities 


K.1 Fora given sampling plan, the consumer's risk quality is the process quality for which the probability of 
accepting a given lot is 10 %. 


K.2 For the “s” method, the consumer's risk quality is the solution in p to the equation 
Payne, (Vm) = 0,90 where x is the sample size, x is the “s” method acceptability constant, k, is the (1 — p) 
fractile of the standard normal distribution and Fae (.) is the distribution function of the non-central 
t-distribution with n — 1 degrees of freedom and non-centrality parameter Vnk ». 


K.3 Consumer's risk qualities for the “s” method plans of this International Standard are given in Tables K.1, 
K.3 and K.5 for normal, tightened and reduced inspection respectively. 


K.4 For the “o” method, the consumer's risk quality is given by the formula {(1,2816/ Vn) —k}where n is 
the sample size, & is the “o” method acceptability constant and @(.) is the distribution function of the standard 
normal distribution. 


K.5 Consumer's risk qualities for the “o’ method plans of this part of ISO 3951 are given in Tables K.2, K.4 
and K.6 for normal, tightened and reduced inspection respectively. 


92 © ISO 2005 — All rights reserved 


ISO 3951-1:2005(E) 


oo” 


Table K.1 — Consumer's risk quality (in percent) for normal inspection: “s” method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter | size 


| 9.01 | 
W | 52.9 | 56.0 | 63,1 
41,3 | 44,2 | 49,1 | 56,6 
8,2 | 31,0 | 35,3 | 40,9 | 50,5 
18,2 | 20,7 | 24,2 | 28,6 | 35,7 | 45,5 
11,4 | 13,3 19,2 | 24,3 | 31,2 | 41,6 
7,15 | 8,51 | 10,4 | 12,8 | 16,4 | 21,3 | 28,6 | 35,7 


0,01 
4,33 | 5,27 | 6,58 | 8,23 38 | 14,2 | 19,2 | 24,0 | 30,7 
2,53 | 3,15 | 4,02 | 5,12 | 6,82 | 9, 12,5 | 15,7 | 20,2 | 25,9 
0, 


1,86 | 2,42 | 3,13 | 4,25 | 5,78 | 8, 10,3 | 13,3 | 17,1 | 23,5 


3 

6 

9 

3 

8 

5 

5 

0 

0 1,43 | 1,88 | 2,59 | 3,58 | 5,05 | 6, 11,0 | 15,2 
5 1,14 | 1,60 | 2,24 | 3,20 | 4,14 | 5, : 9,86 
125 0,289 0,988 | 1,39 | 2,01 | 2,61 | 3,46 | 4, ; 

160 0,172 | 0,229 1,25 | 1,64 | 2,18 | 2,87 | 4, 

200 0,105 | 0,141 | 0,195 1,05 | 1,40 | 1,86 | 2,61 

250 0849 | 0,118 | 0,161 0,876 | 1,16 | 1,65 » 


NOTE The consumer's risk quality is the process fraction nonconforming at which 10% of lots will be expected to be accepted. 


4 
1 
1 
2 
3 
5 
7 
9 


“oy 


Table K.2 — Consumer's risk quality (in percent) for normal inspection: “o’ method 


Code |Sample Acceptance quality limit 
letter] size % nonconforming 


W | 61.3 | 66.6 | 73,7 
J 40,1 | 46,0 | 53,9 | 62,8 
25,6 | 30,6 | 37,3 | 45,3 | 56,5 
18,2 | 23,2 | 29,3 | 38,4 | 49,8 
14,4 | 18,6 | 25,2 | 33,8 | 45,6 
12,0 | 16,5 | 22,6 | 31,3 | 39,4 
10,7 | 14,9 | 20,9 | 26,7 
9,36 | 13,4 | 17,3 | 22,6 
8,69 | 11,3 | 15,0 | 19,5 


2 
3 
4 
6 
8 
10 
12 
15 
18 


Nh 
= 


7,25 | 9, 12,7 | 17,6 
6,17 | 8, 11,5 
5,06 


a Bl]w NY 
Oo O};N oO 


B 
C 
D 
E 
F 
G 
H 
J 
K 
i 
M 
N 


NOTE The consumer's risk quality is the process fraction nonconforming at which 10 % of lots will be expected to be accepted. 
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Table K.3 — Consumer's risk quality (in percent) under tightened inspection: “s” method 


a 
Code | Sample % nonconforming 
letter | size 
2) 
OO 
OO Oe oe eo 
O60 Oe eC 
08 08 8 Oe Ace 
ETT Press [ost [oe [2a [te [219 200 
CPL [ass [sar ase [aa | 108 | 2] 2] a8 
BR JE 
Ty [as [se [aae [are | «25 [570 [aon [na [62 |ana 
BRE ICRI 
[| 80 ost] oso] 4 [150 [220 [san [ase 625 oro] 4 
A [20] 02|05e|a5%5| eee] 156 [aor [amo [aor [ase | 
ra [oz [oar |aaes|asos| ona] vas | vee [ase [ase] P| [| 
6105 [ae [aes|oass|oaeifoaeslarer| 7 [so] 20] BP PLL 
ona) a6 |orsi|oax|osssfoassforas] soe [sae] 4] IT PELE E 


NOTE The consumer's risk quality is the process fraction nonconforming at which 10 % of lots will be expected to be accepted. 


4 


13 


= 
[oe] 


3 

25 
35 
50 
70 
95 


= 
Iw) 
oa 


160 


| | | | | F 


0,0628 


“oy 


Table K.4 — Consumer's risk quality (in percent) for tightened inspection: “o’ method 


size % nonconforming 
001 | 0016 
Be ee Rc 
PLE EE ETE ETE EEE v0] a0} 50.0 
PEE ET EE EET LT v2 6 [206 |7.9) 45,9 
PTE ET EE ET Tf ws 62] 25.2] 20.9] 98,4 
PL EE EE ET Tw fez | 11.0) 144 [18,6 25.2] 33,6 
PET PP LL PL [521 |s.70/ 0.07] 120 165 ]22.6/ 31.9] 
PL PT PL TL & a9 4.22]5,721 7,64] 10,7] 149|20.9] 29 
PTT TL YL | se |251 [2.45 [4.67] 6.63 9,96) 13.4] 19.1|25.9] 
ti 
a 


Code 
letter 


Has | +55 [214|200] 42160] 955| 129] 123200 
CLA [sss ost] 132 [121]209]977]552] 900/102] 155] 4 


[eax | 208 [oars [osm [owra|aa2vifare|o[ozs| A | 
as [sor [o.aro [ose |oss0|oast |e] 152|272] 00] 4 | | 
an [0160 o2s7 |oaso|osz2|o7er|aso] veo|240] 1 | [| 
aos «190 [oa [ooo [over foro froe)sa7[ ST EL EL EL A 


The consumer's risk quality is the process fraction nonconforming at which 10 % of lots will be expected to be accepted. 


i) 
= 


Wd 
NN ]o 


aS 
oO 


= =e = = 


a 
(os) 


0,0851 


65 0,0492 | 0,0687 


Zz 
e) 
4 
m 
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Table K.5 — Consumer's risk quality (in percent) under reduced inspection: “s” method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 


TH CLL [28 [ 50 seo] e03 [roe 
4 
6 
9 
13 
18 
25 
35 
50 
70 

95 


tipi yt py 
41,3 | 42,4 | 44,2 | 49,1 | 56,6 | 70,9 

28,2 | 29,3 | 31,0 | 35,3 | 40,9 | 50,5 | 64,6 

19,2 | 20,7 | 24,2 | 28,6 | 35,7 | 45,5 | 53,4 

11,4 13,3 | 15,9 | 19,2 | 24,3 | 31,2 | 36,6 | 46,9 

7,15 | 7,68 10,4 | 12,8 | 16,4 | 21,3 | 25,2 | 32,3 | 39,0 

4,70 | 5,27 8,23 | 10,8 | 14,2 | 16,8 | 21,7 | 26,3 | 30,7 


2,53 3,15 | 4,02 6,82 | 9,11 | 10,9 
1,46 | 1,62 2,42 | 3,13 5,78 | 6,98 
0,931 | 1,08 1,88 | 2,59 4,35 | 5,80 


0,490 0,640 | 0,860 1,60 | 2,24 3,69 | 4,58 
125 0,289 | 0,326 0,519 | 0,699 1,39 | 1,71 2,90 | 3,46 
160 0,194 | 0,229 0,425 | 0,606 1,06 | 1,45 2,18 4 


NOTE The consumer's risk quality is the process fraction nonconforming at which 10 % of lots will be expected to be accepted. 


| 8.0 | 
E 
F 
G 
H 
i 
K 
L 
M 
N 


Table K.6 — Consumer's risk quality (in percent) for reduced inspection: “o’ method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 


PL TT TT Lo [ets | 623 | 65.6 [737 | ens) 


titi | 
40,1 | 42,4 | 46,0 | 53,9 | 62,8 | 74,9 
25,6 | 27,6 | 30,6 | 37,3 | 45,3 | 56,5 | 69,6 
16,0 | 18,2 | 23,2 | 29,3 | 38,4 | 49,8 | 57,9 
8,57 11,0 | 14,4 | 18,6 | 25,2 | 33,8 
5,21 | 5,82 9,07 | 12,0 | 16,5 | 22,6 | 27,2 
3,59 | 4,22 7,64 | 10,7 | 14,9 | 18,1 | 23,9 


; 2,51 | 3,45 6,63 | 9,36 | 11,5 | 15,4 | 10,1 
1,15 | 1,30 2,14 | 2,93 6,00 | 7,41 | 10,1 | 12,6 | 15,0 
21 0,795 1,81 | 2,63 4,68 | 6,41 | 8,06 | 9,64 
25 0,422 | 0,482 | 0,576 1,63 | 2,36 4,07 | 5,14 | 6,17 
32 0,244 | 0,279} 0,336 | 0,475 | 0, 1,42 | 1,78 3,14 | 3,80 T 
40 0,163 | 0,197} 0,279 | 0,391 1,07 | 1,50 2,32 a 


NOTE The consumer's risk quality is the process fraction nonconforming at which 10 % of lots will be expected to be accepted. 
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Annex L 
(informative) 


Producer's risks 


L.1. The producer's risk is the probability of not accepting a given lot when the process fraction 
nonconforming is equal to the AQL, i.e. 1 minus the probability of accepting a given lot when the process 
fraction nonconforming is equal to the AQL. 


L.2 For the “s” method, the producer's risk is given by the formula Fe adak (Vnk) where n is the sample 


size, p is the AQL expressed as a fraction nonconforming, « is the “s” method acceptability constant, K, is the 
(1 — p) fractile of the standard normal distribution and F’ _, Unk (.) is the distribution function of the non-central 
; P 


t-distribution with degrees of freedom n—1 and non-centrality parameter VnK - 


L.3. Producer's risks for the “s” method plans of this part of ISO 3951 are given in the following Tables L.1, 
L.3 and L.5 for normal, tightened and reduced inspections respectively. 


L.4 For the “o’ method, the producer's risk is given by the formula &{Vn(k-K, }} where n is the sample 
size, p is the AQL expressed as a fraction nonconforming, & is the “o” method acceptability constant, K, is the 
(1 —p) fractile of the standard normal distribution and © (.) is the distribution function of the standard normal 


distribution. 


L.5 Producer's risks for the “o” method plans of this part of ISO 3951 are given in Tables L.2, L.4 and L.6 
for normal, tightened and reduced inspections, respectively. 
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Table L.1 — Producer's risk (in percent) for normal inspection: “s” method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 


3 v 10,9 | 12,8 | 9,7 
4 J 9,7 | 11,3 | 11,4] 8,7 
6 1|96 | 97 | 93 | 5,3 
9 


7,4 : ; 7,8 5,8 | 2,7 
7,0 | 7,4 : ; 5,7 1,3 
6,1 7,0 | 6,6 ; ; 3,9 , 1,6 


5,3 | 60 | 63 | 6,1 : : 2,3 ; 1,9 


43 | 52 | 53 | 5,9 | 4,7 ; ; 2,7 ; 3,2 
3,7 | 3,6 | 4,1 44 | 4,0 | 3,0 ; ; 2,7 : 2,4 
3,2 3,4 | 30 | 3,7 | 3,2 2,9 1,7 
27 | 25 | 2,5 | 2,2 1,6 | 2,0 
1,8 ; 2,5 1,3 | 2,1 


17) 48 2,5 
cea he 49 | 13°) 44°] 48 | 30 | 44 
45s 14; 13 | 07 | 14.5 | 23 | 44 | 40 
15 | 4, 09 | 1,1 | 22 | 39 | 52 » 


NOTE The producer's risk is the probability of not accepting a given lot when the process fraction nonconforming is equal to 
the AQL. 


“oy 


Table L.2 — Producer's risk (in percent) for normal inspection: “o” method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 


WwW 55/71/77 

J 47 | 58 | 66 | 66 

0 | 52 | 58 | 66 | 5,4 

3) | 3 a7-| aae| 32 

3,0 | 34 | 3, 37 | 3,5 | 21 
28) agar | Sat | +3: 30 | 25 | 28 


2,2 | 2,7 | 32 | 3,4 , 24 | 3,5 | 3,9 
1,5 | 22 | 26 | 33 | 2,8 ; 3,2 | 4,7 | 5,9 
2,1 2,6 | 2,7 | 2,3 : 4,1 6,8 | 6,2 


1,5 
1,6: |-24: | 28. | 26. (2.0 
465) 19!| Bo! to: |-29 

: 4}11] 1441143 | 25 | 33 

08} 4, 1/08} 09 | 18] 33 | 51 

07 "0: 7|04 | 1,2 | 22 | 47 | 5,0 

65 0,4 | 0, 4}o06| 145134 ]51 | 4 


NOTE The producer's risk is the probability of not accepting a given lot when the process fraction nonconforming is equal to 
the AQL. 


2 
3 
4 
6 
8 
10 
12 
15 
18 


a Blo NO N 
oOo O;[|N OO = 


B 
Cc 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
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Table L.3 — Producer's risk (in percent) for tightened inspection: “s” method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 


4,0 
3 Vv 
4 J 15,7 
6 14,4 ; 
9 , 


12,3 | 15,2 


13 12,5 | 13,4 | 15,5 
18 ; 13,5 | 13,4 


25 11,2 13,8 
35 10,4 | 12,2 14,7 
50 8,3 | 10,6 | 11,7 12,8 
8,7 | 10,6 | 12,5 12,0 
8,4 11,2 9,8 
8,9 ; 10,4 


8,1 
74 | 9, 84 | 99 | 94] 94 | 95 
75 | 98 | 89 | 7,5 | 82 | 7,7 | 10,1 | 10,3 
38 | 95] 89 | 66 | 7,4 | 93 | 125 | 4 


Table L.4 — Producer's risk (in percent) for tightened inspection: “o” method 


17,8 
19,5 
19,3 
18,6 
17,0 
15,4 
12,9 
10,7 
10,2 


20,8 
20,3 
19,5 
15,8 
14,0 
11,0 
8,3 
9,1 
8,4 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 


(ut 
9,0 

6,2 

7,0 

8,0 11,2 | 10,9 


6,9 
9,8 
10,9 | 10,3 
9,1 11,2 | 10,0 
8,4 F 10,1 


; 8,8 
4,6 4184 | 86 | 9,2 | 10,4 
4,5 5 | 68 | 7,0 | 10,1 | 11,2 
51 5 | 57 | 80 | 11,8 | 4. 


B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 


a}joaoa 
N | & 
Ola # 


a ol ee 
- Of;- N 
o -A~|oO wo 


= 
N 
o 
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method 


Acceptance quality limit 
Code | Sample % nonconforming 
letter size 
0 Ee 


CLL 
35 | 4,7 | 64 | 56 | 38 0,9 
2,9 | 4,0 | 4,9 | 4,7 | 3,7 1,7 0,3 
2,1 3,2 | 4,1 ; 1,6 | 0,5 0,4 
2,6 | 3,7 | 3,2 ; ; 0,7 ; 0,2 
1,2 | 2,1 3,0 | 2,9 | 2,4 : 1,0 ; 0,5 
10)15 | 25 | 2,3 | 23 | 1,4 ; 0,7 : ’ 


1,3 | 1,8 | 1,8 } 1,8 1,3 | 0,8 
0,4 | 0,9 1,4 | 1,1 1,2 | 08 | 06 | 0,8 
0,5 | 1,1 0,9 | 0,7 | 06 | 0,4 | 0,8 


Table L.5 — Producer's risk (in percent) for reduced inspection: 


0,7 | 0,7 06 | 0.3 | 03 | 0,5 | 0,5 
0,4] 0,5 0,3 ; 0,4 | 0,4 | 0,9 
0,3 | 0,3 0,2 | 03 | 03 | 0,8 | 3,0 


| BD | 
E 
F 
G 
H 
J 
K 
L 
M 
N 


“ font 


Table L.6 — Producer's risk (in percent) for reduced inspection: method 


Acceptance quality limit 
Sample % nonconforming 
size 
SiR GS cee eee PT TL eas [oe [oe [oe 


09 | 1,5 | 2,0 | 2,3 | 2,4 1,9 

0,4) 0,9 | 1,4 ‘ 1,4 0,8 

0,6 1,2 | 1,1 ; 0,9 
0,2 | 04 | 08 | 0,9 ; f 0,6 
: 0,3 | 0,7 | 0,7 | 0,9 ; 3 1,0 


Code 
letter 


st ok yok 


i) 
= 


0,09 i 04 | 0,5 |} 06 | 0,6 | 0,4 ; 0,9 
0,05] 0,2 : 0,3 | 0,5 | 0,4 | 0,4 ; ; 1,5 
0,03 | 0,1 0,3 ; 0,3 | 0,3 | 0,3 | 0,8 | 0,8 ; 4,2 


0,01 | 0,07 0,3 : 0,2 | 02 | 06 | 0,8 
0,01} 0,02 0,1 0,2 ; 0,1 | 0,3 | 0,5 1,2 
40 0,01} 0,04 | 0,07 | 0,1 0,1 | 0,08} 0,2 | 03 |} 0,8 | 3,3 


oO N 
DO oOo 


NOTE The producer's risk is the probability of not accepting a given lot when the process fraction nonconforming is equal to 
the AQL. 
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Annex M 
(informative) 


Operating characteristics for the “o’ method 


M.1 Formula for probability of acceptance 


The exact probability of lot acceptance for a single specification limit at process fraction nonconforming p is 
given by the formula 


P, = ®{n(K p-k)} 
where (.) denotes the standard normal distribution function, is the sample size, K, denotes the (1 —p) 
fractile of the standard normal distribution and & is the “o” method acceptance constant. 
M.2 Example 
Consider the calculation of the probability of acceptance at a process quality of 2,5 % nonconforming for a “o” 
method plan with AQL 1,0 % and sample-size code letter M under normal inspection. Entering Table C.1 with 
sample-size code letter M and AQL 1,0 %, it is found that the sample size n is 25 and the acceptance constant 


k is 1,941. The process fraction nonconforming under consideration is p= 0,025, and from tables of the 
standard normal distribution it is found that K, = 1,960. Hence, 


Pa = ®{./25 (1,960 — 1,941)} = (5x 0,019) = (0,095) 


which, from standard normal distribution tables, yields P, = 0,538. 


M.3 Comparison with tabulated value for the “s” method 


It is instructive to observe that this probability of acceptance for the “o” method is very roughly in agreement 
with the corresponding probability of acceptance for the “s” method. From the column of the table in Chart M 
for AQL 1,0 %, it is seen that a process quality level of 2,51 %, i.e. p = 0,0251, corresponds to a probability of 
acceptance of 50 %, i.e. to P, = 0,50. 
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Annex N 
(informative) 


Estimating the process fraction nonconforming for sample sizes 3 


and 4 — “s” method 


N.1 General formula for sample size n 


The general formula for the estimator of the process fraction nonconforming beyond either of the specification 
limits when the process standard deviation is unknown is 


p= Hoare} fl 0 i I (N.1) 


n-1 


where n is the sample size, Q is the quality statistic and Bn-2y2 (.) is the symmetric beta distribution function 
with both parameters equal to (n—2)/2. 


N.2 Formula for sample size 3 


When n = 3, the estimator becomes 


: V3 
po tet o-5 (N.2) 
Now 
0 if x < 0, 
-5 1 
Ba(x)= [,- Te di ifO<x<1, (N.3) 
2 B(5,5) 
1 if x >1. 
where 


B(3.9) = MDZ (9 + 9) = Vv /1= 2, 


I(.) representing the gamma function. Writing t = sin? 6, Equation (N.3) becomes 


0 0 if x <0, 
roe a aaa = 2 arcsin(vx) fO<x<1 (N.4) 
2 m0 T 
1 1 ifx>1. 


Hence, substituting Equation (N.4) in Equation (N.2), 
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0 


if O > 2/3, 


p= Zarcsin| (1-0V812)/2} if -2/ 3 <0 < 21/3, 
T 


1 


This is the quantity tabulated in Annex F. 


N.3 Formula for sample size 4 


When n = 4, the estimator becomes 


B= By|4(1-20)} = B,{0,5- 0/3}. 


Now 
0 if x <0, 
x dt . 
B,(x) = onan ifO<x<1, 
1 if x >1, 


where B(1,1) =T(1)F(1)/P(1 + 1) = 1. 
Equation (N.6) can therefore be written 


0 ifx<0O, 
Bi(x)=5)x ifO<x<1, 
1 ifx>1. 


ifO< 2/43. 


(N.5) 


(N.6) 


(N.7) 


Hence, substituting Equation (N.7) in Equation (N.5), 


0 if O>1,5, 
p=40,5-0/3 if -1,5<Q<15, 
1 if 0 <-1,5. 
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